Physical activity is associated with reduced risk of esophageal cancer, particularly esophageal adenocarcinoma: a systematic review and meta-analysis by Siddharth Singh et al.
Singh et al. BMC Gastroenterology 2014, 14:101
http://www.biomedcentral.com/1471-230X/14/101RESEARCH ARTICLE Open AccessPhysical activity is associated with reduced risk of
esophageal cancer, particularly esophageal
adenocarcinoma: a systematic review and
meta-analysis
Siddharth Singh1, Swapna Devanna1, Jithinraj Edakkanambeth Varayil1, Mohammad Hassan Murad2,3
and Prasad G Iyer1*Abstract
Background: Physical activity has been inversely associated with risk of several cancers. We performed a systematic
review and meta-analysis to evaluate the association between physical activity and risk of esophageal cancer
(esophageal adenocarcinoma [EAC] and/or esophageal squamous cell carcinoma [ESCC]).
Methods: We conducted a comprehensive search of bibliographic databases and conference proceedings from
inception through February 2013 for observational studies that examined associations between recreational and/or
occupational physical activity and esophageal cancer risk. Summary adjusted odds ratio (OR) estimates with 95%
confidence intervals (CI) were estimated using the random-effects model.
Results: The analysis included 9 studies (4 cohort, 5 case–control) reporting 1,871 cases of esophageal cancer
among 1,381,844 patients. Meta-analysis demonstrated that the risk of esophageal cancer was 29% lower among
the most physically active compared to the least physically active subjects (OR, 0.71; 95% CI, 0.57-0.89), with
moderate heterogeneity (I2 = 47%). On histology-specific analysis, physical activity was associated with a 32%
decreased risk of EAC (4 studies, 503 cases of EAC; OR, 0.68; 95% CI, 0.55-0.85) with minimal heterogeneity (I2 = 0%).
There were only 3 studies reporting the association between physical activity and risk of ESCC with conflicting
results, and the meta-analysis demonstrated a null association (OR, 1.10; 95% CI, 0.21-5.64). The results were
consistent across study design, geographic location and study quality, with a non-significant trend towards a
dose–response relationship.
Conclusions: Meta-analysis of published observational studies indicates that physical activity may be associated
with reduced risk of esophageal adenocarcinoma. Lifestyle interventions focusing on increasing physical activity
may decrease the global burden of EAC.
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Esophageal cancer is the 6th most common cancer world-
wide, and carries a high mortality after diagnosis following
the onset of symptoms [1]. While the incidence of esopha-
geal squamous cell cancer (ESCC) is declining in the
United States, the incidence of esophageal adenocarcinoma* Correspondence: iyer.prasad@mayo.edu
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unless otherwise stated.(EAC) has increased more than 6-fold in the last three
decades [2]; this has been partly attributed to the obesity
epidemic. Obesity, in particular central adiposity, has
been implicated in a spectrum of reflux-related esopha-
geal diseases including erosive esophagitis, Barrett’s
esophagus (BE) and EAC [3]. Routine endoscopic surveil-
lance of patients with BE and endoscopic eradication
therapy for a subset of patients with high-grade dysplasia
are recommended [4]. However, this strategy is expensive
and limited by suboptimal adherence and access.td. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
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proton-pump inhibitors require a large number of pa-
tients be treated to prevent a single cancer, making it dif-
ficult to ascertain risk-benefit ratio and cost-effectiveness
[3,5,6].
For non-tobacco users, diet and physical activity are
the most important modifiable determinants of cancer
risk [7]. Physical activity has been associated with a re-
duced incidence and mortality from certain cancers, in-
cluding proximal and distal colorectal cancer [8], gastric
cancer [9], breast and endometrial cancers [7,10]. The
protective effect of physical activity against cancer is pos-
sibly mediated by counteracting the adverse carcinogenic
effects of obesity, improving insulin sensitivity and de-
creasing systemic inflammation leading to favorable
immunomodulation [11,12]. There have been several
studies reporting an inverse association between physical
activity and risk of esophageal cancer [13,14], but results
have been inconsistent [15,16]. Several systematic reviews
on physical activity and cancer prevention have not ad-
dressed esophageal cancer risk [7,17].
To better understand the relationship between phys-
ical activity and esophageal cancer risk, in particular, the
risk of EAC, we performed a systematic review with
meta-analysis of all studies that investigated the associ-
ation between physical activity and risk of esophageal
cancer in adults.
Methods
This systematic review is reported according to the Pre-
ferred Reporting Items for Systematic reviews and Meta-
Analyses (PRISMA) guidelines [18]. The process followed
a priori established protocol (available upon request).
Search strategy and selection criteria
A systematic literature search of PubMed (1966 through
February 1, 2013), Embase (1988 through February 1,
2013) and Web of Science (1993 through February 1,
2013) databases was conducted to identify all relevant
studies on the relationship between physical activity and
risk of esophageal cancer. Studies considered in this
meta-analysis were observational studies or randomized
controlled trials (RCTs) that met the following inclusion
criteria: (1) evaluated and clearly defined physical activity
(recreational or occupational), (2) reported risk of
esophageal cancer (EAC and/or ESCC) and (3) reported
relative risk (RR) or odds ratio (OR) with 95% confidence
intervals (CI) of the association between physical activity
and esophageal cancer risk, or provided data for their cal-
culation. A combination of key words was used in the
search: (exercise OR physical activity OR walking OR
motor activity) AND (esophagus) AND (cancer OR neo-
plasm OR carcinoma). Expansion of the search to com-
bination of physical activity and cancer did not result inidentification of any additional articles. Then, per the
protocol-defined study inclusion and exclusion criteria,
two authors (S.S. and J.E.V.), independently reviewed the
title and abstract of studies identified in the search to ex-
clude studies that did not investigate the association be-
tween physical activity and the risk of esophageal cancer.
The full text of the remaining articles was examined to
determine whether it contained relevant information.
Next, the bibliographies of the selected articles, as well as
review articles on the topics were manually searched for
additional articles. We also searched conference proceed-
ings of major gastroenterology (Digestive Diseases Week,
United European Gastroenterology Week, American Col-
lege of Gastroenterology annual meeting) and oncology
conferences (American Society of Clinical Oncology an-
nual meeting and Gastrointestinal Research Forum;
European Society of Medical Oncology annual meeting
and World Congress on Gastrointestinal Cancer) from
2005–2012 for studies that had been published only in
the abstract form. Inclusion was not otherwise restricted
by study size, language or publication type. Studies that
examined only the association between physical activity
and cancer-related mortality were excluded. When there
were multiple publications from the same population,
only data from the most comprehensive report were in-
cluded. The flow diagram summarizing study identifica-
tion and selection is shown in Figure 1.
Data abstraction
After study identification, data on study and patient char-
acteristics, exposure and outcome assessment, potential
confounding variables and estimates of association were
independently abstracted onto a standardized form by
two authors (S.S. and S.D.). The following data were col-
lected from each study: (a) study and patient characteris-
tics: primary author, time period of study/year of
publication, country of the population studied, age, sex,
body mass index; (b) physical activity measurement: phys-
ical activity domain assessed (recreational and/or occupa-
tional) and instrument used for measurement (whether
valid and reliable); (c) esophageal cancer ascertainment:
histology-specific relationship (EAC and ESCC), method
of outcome ascertainment (self-report, cancer registry
with or without independent validation); (d) potential
confounding variables accounted for: age, sex, obesity,
race/ethnicity, cigarette smoking, alcohol intake, family
history of esophageal cancer, other medication use (as-
pirin/non-steroidal anti-inflammatory drugs [NSAIDs],
statins, proton-pump inhibitors) and (e) estimates of as-
sociation between physical activity and esophageal cancer
risk: adjusted RR or OR and 95% confidence interval (CI).
If a study combined the two physical activity domains
(recreational and occupational) into a single measure,
then the effect estimate for the combined measure result
Figure 1 Flow diagram summarizing study identification and selection.
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ported the effect estimates for two or more domains of
physical activity separately, then we pooled the results
into a single measure using fixed effects model of meta-
analysis. If a study reported the effect of physical activity
at multiple periods or ages and over the lifetime, we
used the lifetime result. For all studies, we used the re-
sult that compared the most active group with the least
active group (reference group). For studies in which the
most active group was used as the reference group, we
inverted the effect size and 95% CI. To estimate the
dose–response relationship, using the least active group
as reference, we measured the association between the
middle tertile/quartile and reference as well as the asso-
ciation between the highest tertile/quartile and refer-
ence, and analyzed whether the difference between these
estimates was significantly different. Conflicts in data ab-
straction were resolved by consensus, referring back to
the original article.
Quality assessment
The risk of bias in included studies was assessed by two
authors independently (S.S. and J.E.V.), using the method-
ology suggested by Boyle et al. [8]. Briefly, we used a
three-item checklist to identify whether studies were at
low or high risk of bias, based on: (a) study design – low
risk of bias if studies were cohort or population-based
case–control studies, and high risk of bias if hospital-
based case–control or exclusively cancer registry-based;
(b) instrument used to measure physical activity – low
risk of bias if instrument was reliable as shown in index
study or related study, and high risk of bias if not re-
ported; (c) key variables adjusted or accounted for: age,
sex and obesity. If a study adjusted, matched or accounted
for the potential confounding effect of age, sex and obes-
ity in their analysis, then those studies were considered to
be at low risk of bias, otherwise they were considered tobe at high risk of bias. Overall, if a study was deemed to
be at low-risk of bias across all these domains, then it was
considered a high-quality study; if the study was at high-
risk of bias across one or more of the three domains, then
it was considered low-quality study [8]. The overall agree-
ment between the two reviewers for the final determin-
ation of each study was excellent (Cohen’s κ = 0.86), and
disagreements were resolved by consensus.
Outcomes assessed
Primary outcome
The primary analysis focused on assessing the association
between physical activity and the risk of (a) overall esopha-
geal cancer, as well as by (b) histological subtypes – EAC
and ESCC.
Subgroup analysis
A priori hypotheses to examine robustness of association
and explain potential heterogeneity in the direction and
magnitude of effect among different observational stud-
ies included location of study (Western population v.
Asian population), study design (case–control v. cohort)
and study quality (high v. low). In addition, we measured
the impact of recreational and occupational activity do-
mains separately, since the former is the modifiable as-
pect of energy expenditure.
Statistical analysis
We used the random-effects model described by DerSi-
monian and Laird to calculate pooled OR and 95% CI
[19]. Since outcomes were relatively rare, OR were con-
sidered approximations of RR. Adjusted OR reported in
studies was used for analysis to account for confounding
variables. We assessed heterogeneity between study-
specific estimates using the inconsistency index [20]. To
estimate what proportion of total variation across studies
was due to heterogeneity rather than chance, I2 statistic
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75% and >75% were suggestive of low, moderate, sub-
stantial and considerable heterogeneity, respectively
[21]. Once heterogeneity was noted, between-study
sources of heterogeneity were investigated using sub-
group analyses by stratifying original estimates accord-
ing to study characteristics (as described above). In this
analysis also, a p-value for differences between sub-
groups of <0.10 was considered statistically significant
(i.e., a value of p < 0.10 suggested that stratifying based
on that particular study characteristic partly explained
the heterogeneity observed in the analysis). Given the
small number of studies identified in our analysis, statis-
tical tests for assessing publications bias were not per-
formed [22]. All p-values were two tailed. For all tests
(except for heterogeneity), p < 0.05 was considered sta-
tistically significant. All calculations and graphs were
performed using Comprehensive Meta-Analysis (CMA)
version 2 (Biostat, Englewood, NJ).
Results
Study flow
From 422 unique studies identified using the search strat-
egy, 9 studies met the inclusion criteria [13-16,23-27].
These studies reported on the association between
physical activity and 1,871 cases of esophageal cancer
among 1,381,844 patients. During the peer review
process, with an updated search till May 1, 2014, an
additional hospital case–control study from India was
identified with 704 cases of ESCC [28]. No relevant
RCTs were identified. The coefficient of agreement be-
tween the two reviewers for study selection was excel-
lent (Cohen’s κ = 0.82). Six studies on dietary or
socioeconomic risk factors for cancer mentioned asses-
sing physical activity as a covariate but did not specific-
ally measure or report association between physical
activity and esophageal cancer per se [29-34]; four of
these studies were published more than 15 years ago
and hence, data was not accessible; additional data
could not be obtained from contacting authors of two
recent studies and hence, these were excluded. Two
studies did not have an appropriate control group
[35,36]. In a Dutch cohort, de Jonge and colleagues
compared the mean physical activity levels in patients
with EAC, ESCC and gastric cardia adenocarcinoma,
but there was no referent population to allow calcula-
tion of a risk estimate [35]. The same group compared
differences in physical activity levels in patients with BE
with and without EAC and did not observe any signifi-
cant differences, but an estimate of EAC risk among the
most physically active to the least physically active was
not possible [36]. One study reported the association
between physical activity and mortality from esophageal
cancer, and was excluded [37].Characteristics and quality of included studies
Baseline characteristics
The characteristics of these studies are shown in Table 1.
The earliest cohort study recruited patients starting in
1978 and latest completed recruitment in 2007, with
mean reported follow-up ranging from 6 to 18.8 years.
Seven studies were performed in the Western popula-
tion (5 in North America, 2 in Europe) [13-16,23,25,26]
and two studies were performed in Asian population
[24,27]. Four studies were performed exclusively in men
[13,23-25]. In three studies, recreational (with or with-
out household) physical activity was the only measured
domain [16,23,24]; in three studies, only occupational
physical activity was inferred based on the job-title
[14,26,27]. Physical activity was assessed using self-
administered questionnaire in most of the studies, and
was based on a combination of intensity, duration and
frequency of recreational physical activity. Of the nine
studies, three reported exclusively on risk of EAC
[14,15,26], and one reported exclusively on the risk of
ESCC [27]; four studies reported on risk of esophageal
cancer with no separate information on risk by
histological-subtype [13,23-25].
Quality assessment
Four observational studies (all cohort studies) were at
low-risk of bias based on study design, exposure ascer-
tainment and adjusting for key confounding variables,
and were deemed to be of high quality (Table 2)
[15,16,23,24]. The included studies variably accounted
for other potential confounders: smoking (8/9), obesity
(7/9), alcohol use (5/9) and family history of esophageal
cancer (3/9); none of the studies adjusted for gastro-
esophageal reflux symptoms. Socioeconomic status,
which appears to have inverse association with physical
activity was accounted for in 5/9 studies. For outcome
ascertainment, most studies relied on record linkage
through the cancer registry (with or without review of
death certificates and pathology databases), or review of
medical records. In all these studies, a temporal relation
between exposure and outcomes was established – phys-
ical activity preceded esophageal cancer by at least 1 year,
and usually longer periods.
Physical activity and risk of esophageal cancer
Overall risk of esophageal cancer
Of the nine studies identified, four reported a statistically
significant inverse association between overall physical
activity and esophageal cancer risk [13,14,26,27]. On
meta-analysis, risk of esophageal cancer was 29% lower
among the most physically active people as compared
with the least physically active people (OR, 0.71; 95% CI,
0.57-0.89) (Figure 2). There was moderate heterogeneity
observed across studies (I2 = 47%).
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*additional study identified during the peer review process with an updated search (1-Age, 2-Sex, 3-Obesity (BMI, Weight), 4-Race/Ethnicity, 5- Smoking, 6-Alcohol,
7-Dietary factors, 8-Family history of esophageal cancer, 9-Education and Socioeconomic status, 10-Diabetes) [Abbreviations: EAC-Esophageal adenocarcinoma;
ESCC-Esophageal squamous cell carcinoma; F/U-Follow-up; NA-Not applicable; NR-Not reported].
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Table 2 Quality assessment of included studies
Bias in study
design
Bias in instrument to measure physical
activity





Huerta [15] Low Low Low High
Leitzmann [16] Low Low Low High
Wannamethee
[23]
Low Low Low High
Yun [24] Low Low Low High
Case–control Studies
Balbuena [26] High High High Low
Brownson [25] High High Low Low
Etemadi [27] High High High Low
Parent [13] Low High Low Low
Vigen [14] Low High Low Low
Briefly, we used a three-item checklist to identify whether studies were at low or high risk of bias, based on: (a) study design – low risk of bias if cohort or
population-based case–control studies, and high risk of bias if hospital-based case–control or exclusively cancer registry-based; (b) instrument used to measure
physical activity – low risk of bias if instrument valid and reliable as shown in index study or related study, and high risk of bias if not reported; (c) key variables
adjusted or accounted for: if a study adjusted, matched or accounted for the potential confounding effect of age, sex and obesity in their analysis, then those
studies were considered to be at low risk of bias, otherwise they were considered to be at high risk of bias. Overall, if a study was deemed to be at low-risk of bias
across all these domains, then it was considered a high-quality study, otherwise it was considered a low-quality study.
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Of the four studies identified [14-16,26], two reported a
statistically significant inverse association between
physical activity and EAC risk [14,26]. On meta-
analysis, risk of EAC was 32% lower among the most
physically active people as compared with the least
physically active people (OR, 0.68; 95% CI, 0.55-0.85)
(Figure 3). There was minimal heterogeneity observed
across studies (I2 = 0%).Figure 2 Physical activity and risk of esophageal cancer.Risk of esophageal squamous cell carcinoma
Only two studies reported the association between
physical activity and risk of ESCC [16,27]. One of them,
performed in Iran, observed a strong inverse association
[27], whereas the other, performed in the United States,
reported a null association [16]. During the peer review
process, another low quality, case–control study pub-
lished after data of search was identified. This study
performed in India reported a 5-fold higher risk of
Figure 3 Physical activity and risk of esophageal adenocarcinoma.
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physical activity. On meta-analysis, there was no associ-
ation between physical activity and risk of ESCC (OR,
1.10; 95% CI, 0.21-5.64), albeit with considerable het-
erogeneity (I2 = 95%).
Subgroup and sensitivity analyses
Subgroup analysis
On sub-group analysis, the association between physical
activity and risk of esophageal cancer was stable across
case–control and cohort studies, and across Western
and Asian population (Table 3). On analysis by domain
of physical activity, recreational physical activity, the po-
tentially modifiable component of physical activity, was
associated with a decreased risk of esophageal cancer
(OR, 0.79; 95% CI, 0.67-0.93; I2 = 0%).
Dose–response relationship
A non-significant trend towards an inverse dose re-
sponse relationship between physical activity and
esophageal cancer risk was observed. Using the least ac-
tive group as reference, people in the middle tertile or
2nd quartile of physical activity had a non-statisticallyTable 3 Sub-group analyses, as well as dose–response relatio
esophageal cancer risk
Groups Categories No. of Studies Adjusted OR 95% C
Study Design Case–control 5 0.59 0.40-0.8
Cohort 4 0.84 0.71-1.0
Study Location Asian 2 0.43 0.09-2.0
Western 7 0.72 0.58-0.8
Study Quality High 4 0.84 0.71-1.0
Low 5 0.59 0.40-0.8
Dose–response Middle tertilea 5 0.88 0.70-1.1
Highest tertilea 5 0.76 0.60-0.9
ausing least active people as reference category [Abbreviations: EAC-Esophageal adsignificant 12% lower risk of esophageal cancer (5 stud-
ies; OR, 0.88; 95% CI, 0.70-1.10; I2 = 19%) [14-16,23,25].
In comparison, the most physically active people (high-
est tertile of physical activity or 4th quartile) had a 24%
lower risk of esophageal cancer (5 studies; OR, 0.76;
95% CI, 0.60-0.97; I2 = 0%).
High-quality studies
On restricting analysis to the four high-quality studies
[15,16,23,24], we observed that physical activity is
associated with a 16% lower risk of esophageal cancer,
though this association did not reach pre-specified stat-
istical significance (OR, 0.84; 95% CI, 0.71-1.00; p =
0.05). The results were consistent across studies (I2 =
0%).
Sensitivity analysis
To assess whether any one study had a dominant ef-
fect on the summary OR, each study was excluded and
its effect on the main summary estimate was evalu-
ated. While no study significantly affected the sum-
mary estimate, exclusion of the study by Etemadi and
colleagues on the association between physical activitynship, on the association of physical activity and













enocarcinoma; ESCC-Esophageal squamous cell carcinoma].
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ously observed marked heterogeneity in the analysis.
The favorable and strong effect sizes observed in
this single study were causing heterogeneity in the
strength, but not the direction, of overall association.
On analysis after excluding this study, the summary
estimate remained significant (OR, 0.76; 95% CI, 0.64-
0.89) and minimal heterogeneity was observed in the
analysis (I2 = 15%).
Given the small number of studies identified in our
analysis, statistical tests for assessing publications bias
were not performed.
Discussion
Based on the evidence derived from this systematic re-
view and meta-analysis of published studies, increasing
physical activity is associated with a 29% lower risk of
esophageal cancer, after adjustment for important con-
founders including age, obesity and other risk factors for
esophageal cancer. After exclusion of one study, which
was responsible for heterogeneity, a 24% reduction in risk
of esophageal cancer with increasing physical activity was
a more conservative and consistent estimate. Specifically,
the risk reduction was primarily seen in risk of EAC (32%
lower risk amongst the most physically active people than
the least active people), which has been strongly associ-
ated with obesity-associated chronic inflammation. We
did not observe a significant association between physical
activity and risk of ESCC, though the number of studies
was small (3 studies). The analysis was considerably lim-
ited due to the conflicting observations from two of the
included studies, with one showing a strong inverse asso-
ciation (OR, 0.16) and another showing a strong direct
association (higher risk of ESCC with increasing occupa-
tional physical activity) (OR, 5.65). The results were
stable across cohort and case–control studies in both
Asian and Western population. Importantly, recreational
physical activity, the potentially modifiable component of
energy expenditure, was independently associated with
reduced risk of esophageal cancer, with a trend towards a
dose–response relationship.
With the high incidence and poor prognosis associated
with esophageal cancer, cost-effective strategies aimed at
preventing esophageal cancer are highly desirable. While
chemopreventive strategies are attractive, currently, their
cost-effectiveness and risk-benefit ratio is difficult to as-
certain. This EAC risk modification observed with phys-
ical activity is comparable to the 30-40% risk reduction
seen with aspirin/NSAID and statin use [3,5]. Moreover,
this point estimate for EAC risk reduction with physical
activity is comparable to the more established 21%, 24%
and 27% reduction in risk for gastric [9], colorectal [38]
and endometrial cancer [10], respectively. Previous sys-
tematic reviews have summarized evidence fromepidemiological studies on the association between phys-
ical activity and gastrointestinal cancer prevention and
mortality [26,39]. However, in those reviews, only a sin-
gle electronic database was searched resulting in some
missed studies; there was no quality appraisal of current
literature on this topic. A quantitative synthesis of the
literature to calculate a summary estimate was not per-
formed for the overall association or for sub-groups. In
its 2007 report on the role of food, nutrition and phys-
ical activity, the World Cancer Research Fund and
American Institute of Cancer Research did not make
any statement on the role of physical activity in decreas-
ing esophageal cancer risk [7].
Physical activity can modify the risk of cancer through
several proposed mechanisms. Metabolic syndrome and
insulin resistance have been associated with increased
risk of cancer, particular EAC [40-43]. This is mediated
by adipokines and cytokines released by metabolically ac-
tive visceral fat, which result in chronic hyperinsulinemia
and increase risk of insulin-like growth factor-mediated
carcinogenesis [44]. Exercise decreases visceral fat, lower-
ing the level of carcinogenic adipocytokines, improves
insulin sensitivity and reduces fasting insulin and C-
peptide levels, and may decrease insulin-like growth
factor-1 [12]. Physical activity has been shown to de-
crease chronic inflammation in intervention trials de-
creasing interleukin-6 and tumor necrosis factor-α,
independent of weight loss [12]. Additionally, exercise
has been shown to have immunomodulatory effects, im-
proving innate and acquired immune response, promot-
ing tumor surveillance [12,45]. Studies have also shown
that aerobic exercise can decrease oxidative stress and
enhance DNA repair mechanisms, decreasing carcino-
genesis [45]. Physically active individuals also have higher
sunlight exposure and consequently, increased vitamin D
levels, which may modify cell proliferation cascades [46].
Strengths and limitations
The strengths of this analysis include (a) comprehensive
assessment of the association between physical activity
and overall and histological-subtype specific risk of
esophageal cancer; (b) analyses accounting for the effect
of potential confounders particularly age, obesity and
other risk factors for esophageal cancer such as smoking
and alcohol use, in summarizing risk estimates by using
the maximally adjusted point estimates from each study;
(c) incorporating the effect of both recreational and oc-
cupational physical activity, independently on esophageal
cancer risk; (d) assessment of a dose–response relation-
ship; (e) sensitivity analyses based on study quality and
(f ) inclusion of all available studies and not restricting
analysis based on study design, publication type or lan-
guage, and hence, being at low risk for selection or pub-
lication bias.
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meta-analysis included only observational studies. No ran-
domized controlled trials have been performed to explore
this association. Despite adjusting for numerous covari-
ates, it is not possible to eliminate the potential of residual
confounding. It is possible that the observed decreased
risk of esophageal cancer seen in more physically active
people may relate to a ‘healthy user’ bias [47]. Physically
active people may be more compliant with preventive
health measures, as compared to patients who are not
physically active. Physically inactive, and potentially poorly
compliant, patients may have other unhealthy lifestyle
practices predisposing them to esophageal cancer. While
most of the studies accounted for some such lifestyle fac-
tors such as obesity, smoking and alcohol use, socioeco-
nomic status was not consistently accounted for.
Socioeconomic status interacts with both exposure (level
of physical activity) and outcome (risk of esophageal can-
cer), and may have contributed to unmeasured confound-
ing. Additionally, none of the studies adjusted for the
presence of reflux symptoms or erosive esophagitis. Mod-
erate, but not intense, physical activity has been associated
with decrease in reflux symptoms in obese subjects, but
not in non-obese subjects [48,49]. Hence, what is per-
ceived as a physical activity-mediated effect may indeed
represent a sum of events and interactions, which modify
esophageal cancer risk in these physically active people.
That said, an independent protective association was also
observed on restricting analysis to high quality studies.
Second, we could not assess for publication bias due to
the small number of studies on this topic. Six studies on
dietary or socioeconomic risk factors for cancer measured
physical activity as a covariate, but did not measure the as-
sociation between physical activity and esophageal cancer;
one study measured the association but did not provide
sufficient data on effect size, suggesting the presence of
reporting and probable publication bias [31]. Third, mod-
erate heterogeneity was observed in the overall analysis,
which was primarily attributable to a single study, which
showed a strong inverse association between physical ac-
tivity and risk of ESCC [27]. Fourth, no credible inference
can be drawn on the association between physical activity
and risk of ESCC, due to the small number of low quality
studies with markedly conflicting results. The timing, in-
tensity and domain of physical activity may influence its
association with health outcomes, but a detailed assess-
ment of all these factors was not reported in individual
studies. Another potential limitation that particularly ap-
plies to case–control studies evaluating cancer risk is re-
call bias, especially since most of these studies used a self-
administered questionnaire to measure physical activity.
However, on sub-group analysis, pooled analysis of pro-
spective cohort studies reported a similar association be-
tween physical activity and esophageal cancer risk, andthere was no significant difference in risk estimates be-
tween case–control and cohort studies.
Conclusions
Based on this systematic review and meta-analysis of all
observational studies, we observed that the risk of esopha-
geal cancer, in particular EAC, may be lower among the
most physically active people as compared with the least
physically active people. Hence, EAC risk reduction may
be an additional benefit to a myriad of health benefits with
being physically active, which include cardiovascular, meta-
bolic and psychological wellbeing. Currently, it is unclear
what is the ideal type, intensity, frequency and time period
of physical activity that may modify cancer risk. An on-
going, 24-week randomized controlled trial of moderate-
intensity aerobic and resistance training in overweight
males with BE to estimate its effect on risk of progression
to EAC may help shed more light on this topic [50]. For
now, in the absence of interventional studies of physical ac-
tivity on cancer risk, the American Cancer Society recom-
mends “adopting a physically active lifestyle” and suggests
that “adults engage in at least 150 minutes of moderate in-
tensity or 75 minutes of vigorous intensity activity each
week, or an equivalent combination, preferably spread
throughout the week” [51].
Abbreviations
BE: Barrett’s esophagus; CI: Confidence intervals; EAC: Esophageal
adenocarcinoma; ESCC: Esophageal squamous cell cancer; OR: Odds ratio.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
SS and PGI were involved in study concept and design; SS, SD and JEV were
involved in acquisition of data; SS, MHM and PGI were involved in statistical
analysis and interpretation of data; SS and SD were involved in drafting of
the manuscript; JEV, MHM and PGI were involved critical revision of the
manuscript for important intellectual content. All authors read and approved
the final manuscript.
Author details
1Division of Gastroenterology and Hepatology, Department of Internal
Medicine, Mayo Clinic, 200 First Street SW, Rochester 55905MN, USA.
2Department of Preventive Medicine, Mayo Clinic, Rochester, USA.
3Knowledge and Evaluation Research Unit, Mayo Clinic, Rochester, MN, USA.
Received: 12 January 2014 Accepted: 21 May 2014
Published: 30 May 2014
References
1. Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D: Global cancer
statistics. CA Cancer J Clin 2011, 61(2):69–90.
2. Lagergren J, Lagergren P: Recent developments in esophageal
adenocarcinoma. CA Cancer J Clin 2013, 63(4):232–248.
3. Singh S, Singh AG, Singh PP, Murad MH, Iyer PG: Statins are associated
with reduced risk of Esophageal Cancer, particularly in patients with
Barrett’s Esophagus: a systematic review and meta-analysis. Clin
Gastroenterol Hepatol 2013, 11(6):620–629.
4. Spechler SJ, Sharma P, Souza RF, Inadomi JM, Shaheen NJ: American
Gastroenterological Association technical review on the management of
Barrett’s esophagus. Gastroenterology 2011, 140(3):e18–e52. quiz e13.
Singh et al. BMC Gastroenterology 2014, 14:101 Page 10 of 11
http://www.biomedcentral.com/1471-230X/14/1015. Liao LM, Vaughan TL, Corley DA, Cook MB, Casson AG, Kamangar F, Abnet
CC, Risch HA, Giffen C, Freedman ND, Chow WH, Sadeghi S, Pandeya N,
Whiteman DC, Murray LJ, Bernstein L, Gammon MD, Wu AH: Nonsteroidal
anti-inflammatory drug use reduces risk of adenocarcinomas of the
esophagus and esophagogastric junction in a pooled analysis.
Gastroenterology 2012, 142(3):442–452. e445; quiz e422-443.
6. Nguyen DM, El-Serag HB, Henderson L, Stein D, Bhattacharyya A, Sampliner
RE: Medication usage and the risk of neoplasia in patients with Barrett’s
esophagus. Clin Gastroenterol Hepatol 2009, 7(12):1299–1304.
7. Research WCRFAIfC: Food, Nutrition, Physical Activity, and the Prevention of
Cancer: A Global Perspective. Washington, DC: American Institute for Cancer
Research; 2007.
8. Boyle T, Keegel T, Bull F, Heyworth J, Fritschi L: Physical activity and risks
of proximal and distal colon cancers: a systematic review and meta-
analysis. J Natl Cancer Inst 2012, 104(20):1548–1561.
9. Singh PP, Singh S: Statins are associated with reduced risk of gastric
cancer: a systematic review and meta-analysis. Ann Oncol 2013,
24(9):1721–1730.
10. Moore SC, Gierach GL, Schatzkin A, Matthews CE: Physical activity,
sedentary behaviours, and the prevention of endometrial cancer. Br J
Cancer 2010, 103(7):933–938.
11. Na HK, Oliynyk S: Effects of physical activity on cancer prevention. Ann N
Y Acad Sci 2011, 1229:176–183.
12. McTiernan A: Mechanisms linking physical activity with cancer. Nat Rev
Cancer 2008, 8(3):205–211.
13. Parent ME, Rousseau MC, El-Zein M, Latreille B, Desy M, Siemiatycki J:
Occupational and recreational physical activity during adult life and the
risk of cancer among men. Cancer Epidemiol 2011, 35(2):151–159.
14. Vigen C, Bernstein L, Wu AH: Occupational physical activity and risk of
adenocarcinomas of the esophagus and stomach. Int J Cancer 2006,
118(4):1004–1009.
15. Huerta JM, Navarro C, Chirlaque MD, Tormo MJ, Steindorf K, Buckland G,
Carneiro F, Johnsen NF, Overvad K, Stegger J, Tjønneland A, Boutron-Ruault
MC, Clavel-Chapelon F, Morois S, Boeing H, Kaaks R, Rohrmann S, Vigl M,
Lagiou P, Trichopoulos D, Trichopoulou A, Bas Bueno-de-Mesquita H,
Monninkhof EM, Numans ME, Peeters PH, Mattiello A, Pala V, Palli D, Tumino
R, Vineis P: Prospective study of physical activity and risk of primary
adenocarcinomas of the oesophagus and stomach in the EPIC (European
Prospective Investigation into Cancer and nutrition) cohort. Cancer
Causes Control 2010, 21(5):657–669.
16. Leitzmann MF, Koebnick C, Freedman ND, Park Y, Ballard-Barbash R,
Hollenbeck A, Schatzkin A, Abnet CC: Physical activity and esophageal and
gastric carcinoma in a large prospective study. Am J Prev Med 2009,
36(2):112–119.
17. Thune I, Furberg AS: Physical activity and cancer risk: dose–response and
cancer, all sites and site-specific. Med Sci Sports Exerc 2001,
33(6 Suppl):S530–S550. discussion S609-510.
18. Moher D, Liberati A, Tetzlaff J, Altman DG: Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA statement. Ann Intern
Med 2009, 151(4):264–269. W264.
19. DerSimonian R, Laird N: Meta-analysis in clinical trials. Control Clin Trials
1986, 7(3):177–188.
20. Higgins JP, Thompson SG, Deeks JJ, Altman DG: Measuring inconsistency
in meta-analyses. BMJ 2003, 327(7414):557–560.
21. Guyatt GH, Oxman AD, Kunz R, Woodcock J, Brozek J, Helfand M, Alonso-
Coello P, Glasziou P, Jaeschke R, Akl EA, Akl EA, Norris S, Vist G, Dahm P,
Shukla VK, Higgins J, Falck-Ytter Y, Schünemann HJ, GRADE Working Group:
GRADE guidelines: 7. rating the quality of evidence–inconsistency. J Clin
Epidemiol 2011, 64(12):1294–1302.
22. Sterne JA, Egger M, Smith GD: Systematic reviews in health care:
investigating and dealing with publication and other biases in
meta-analysis. BMJ 2001, 323(7304):101–105.
23. Wannamethee SG, Shaper AG, Walker M: Physical activity and risk of
cancer in middle-aged men. Br J Cancer 2001, 85(9):1311–1316.
24. Yun YH, Lim MK, Won YJ, Park SM, Chang YJ, Oh SW, Shin SA: Dietary
preference, physical activity, and cancer risk in men: national health
insurance corporation study. BMC Cancer 2008, 8:366.
25. Brownson RC, Chang JC, Davis JR, Smith CA: Physical activity on the job
and cancer in Missouri. Am J Public Health 1991, 81(5):639–642.
26. Balbuena L, Casson AG: Physical activity, obesity and risk for esophageal
adenocarcinoma. Future Oncol 2009, 5(7):1051–1063.27. Etemadi A, Golozar A, Kamangar F, Freedman ND, Shakeri R, Matthews C,
Islami F, Boffetta P, Brennan P, Abnet CC, Malekzadeh R, Dawsey SM: Large
body size and sedentary lifestyle during childhood and early adulthood
and esophageal squamous cell carcinoma in a high-risk population. Ann
Oncol 2012, 23(6):1593–1600.
28. Dar NA, Shah IA, Bhat GA, Makhdoomi MA, Iqbal B, Rafiq R, Nisar I, Bhat AB,
Nabi S, Masood A, Shah SA, Lone MM, Zargar SA, Islami F, Boffetta P:
Socioeconomic status and esophageal squamous cell carcinoma risk in
Kashmir India. Cancer Sci 2013, 104(9):1231–1236.
29. Gao YT, McLaughlin JK, Blot WJ, Ji BT, Dai Q, Fraumeni JF Jr: Reduced risk
of esophageal cancer associated with green tea consumption. J Natl
Cancer Inst 1994, 86(11):855–858.
30. Whittemore AS, Paffenbarger RS Jr, Anderson K, Lee JE: Early precursors of
site-specific cancers in college men and women. J Natl Cancer Inst 1985,
74(1):43–51.
31. Lagergren J, Bergstrom R, Nyren O: Association between body mass and
adenocarcinoma of the esophagus and gastric cardia. Ann Intern Med
1999, 130(11):883–890.
32. Zhang ZF, Kurtz RC, Sun M, Karpeh M Jr, Yu GP, Gargon N, Fein JS,
Georgopoulos SK, Harlap S: Adenocarcinomas of the esophagus and
gastric cardia: medical conditions, tobacco, alcohol, and socioeconomic
factors. Cancer Epidemiol Biomarkers Prev 1996, 5(10):761–768.
33. Jessri M, Rashidkhani B, Hajizadeh B, Gotay C: Macronutrients, vitamins and
minerals intake and risk of esophageal squamous cell carcinoma: a
case–control study in Iran. Nutr J 2011, 10:137.
34. Hogervorst JG, Schouten LJ, Konings EJ, Goldbohm RA, van den Brandt PA:
Dietary acrylamide intake is not associated with gastrointestinal cancer
risk. J Nutr 2008, 138(11):2229–2236.
35. PJ DEJ, Wolters LM, Steyerberg EW, Vand H, Kusters JG, Kuipers EJ, Siersema
PD: Environmental risk factors in the development of adenocarcinoma of
the oesophagus or gastric cardia: a cross-sectional study in a Dutch
cohort. Aliment Pharmacol Ther 2007, 26(1):31–39.
36. de Jonge PJ, Steyerberg EW, Kuipers EJ, Honkoop P, Wolters LM, Kerkhof M,
van Dekken H, Siersema PD: Risk factors for the development of
esophageal adenocarcinoma in Barrett’s esophagus. Am J Gastroenterol
2006, 101(7):1421–1429.
37. Sundelof M, Lagergren J, Ye W: Patient demographics and lifestyle factors
influencing long-term survival of oesophageal cancer and gastric cardia
cancer in a nationwide study in Sweden. Eur J Cancer 2008,
44(11):1566–1571.
38. Wolin KY, Yan Y, Colditz GA, Lee IM: Physical activity and colon cancer
prevention: a meta-analysis. Br J Cancer 2009, 100(4):611–616.
39. Wolin KY, Tuchman H: Physical activity and gastrointestinal cancer
prevention. Recent Results Cancer Res 2011, 186:73–100.
40. Rubenstein JH, Kao JY, Madanick RD, Zhang M, Wang M, Spacek MB,
Donovan JL, Bright SD, Shaheen NJ: Association of adiponectin multimers
with Barrett’s oesophagus. Gut 2009, 58(12):1583–1589.
41. Singh S, Sharma AN, Murad MH, Buttar NS, El-Serag HB, Katzka DA, Iyer PG:
Central adiposity is associated with increased risk of esophageal
inflammation, metaplasia, and adenocarcinoma: a systematic review and
meta-analysis. Clin Gastroenterol Hepatol 2013, 11(11):1399–1412.
42. Duggan C, Onstad L, Hardikar S, Blount PL, Reid BJ, Vaughan TL: Association
between markers of obesity and progression from Barrett’s esophagus to
esophageal adenocarcinoma. Clin Gastroenterol Hepatol 2013, 11(8):934–943.
43. Garcia JM, Splenser AE, Kramer J, Alsarraj A, Fitzgerald S, Ramsey D, El-Serag
HB: Circulating inflammatory Cytokines and Adipokines are associated
with increased risk of Barrett’s Esophagus: a case–control study.
Clin Gastroenterol Hepatol 2014, 12(2):229–238.
44. Inoue M, Tsugane S: Insulin resistance and cancer: epidemiological
evidence. Endocr Relat Cancer 2012, 19(5):F1–F8.
45. Friedenreich CM, Neilson HK, Lynch BM: State of the epidemiological
evidence on physical activity and cancer prevention. Eur J Cancer 2010,
46(14):2593–2604.
46. Deeb KK, Trump DL, Johnson CS: Vitamin D signalling pathways in cancer:
potential for anticancer therapeutics. Nat Rev Cancer 2007, 7(9):684–700.
47. Shrank WH, Patrick AR, Brookhart MA: Healthy user and related biases in
observational studies of preventive interventions: a primer for
physicians. J Gen Intern Med 2011, 26(5):546–550.
48. Nilsson M, Johnsen R, Ye W, Hveem K, Lagergren J: Lifestyle related risk
factors in the aetiology of gastro-oesophageal reflux. Gut 2004,
53(12):1730–1735.
Singh et al. BMC Gastroenterology 2014, 14:101 Page 11 of 11
http://www.biomedcentral.com/1471-230X/14/10149. Jozkow P, Wasko-Czopnik D, Medras M, Paradowski L: Gastroesophageal
reflux disease and physical activity. Sports Med 2006, 36(5):385–391.
50. Winzer BM, Paratz JD, Reeves MM, Whiteman DC: Exercise and the
Prevention of Oesophageal Cancer (EPOC) study protocol: a randomized
controlled trial of exercise versus stretching in males with Barrett’s
oesophagus. BMC Cancer 2010, 10:292.
51. Kushi LH, Doyle C, McCullough M, Rock CL, Demark-Wahnefried W, Bandera
EV, Gapstur S, Patel AV, Andrews K, Gansler T: American cancer society
guidelines on nutrition and physical activity for cancer prevention:
reducing the risk of cancer with healthy food choices and physical
activity. CA Cancer J Clin 2012, 62(1):30–67.
doi:10.1186/1471-230X-14-101
Cite this article as: Singh et al.: Physical activity is associated with
reduced risk of esophageal cancer, particularly esophageal
adenocarcinoma: a systematic review and
meta-analysis. BMC Gastroenterology 2014 14:101.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
